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‘1’k laser threshold linear energy transfer for sing]c event upsets can k estinmtcd, even at
room kmpcratiu-e,  for space radiation hardened (AK SRAh4s. ‘1’hc, memories were indcpcnd-
cnt] y dcvdoped  to qualify for the Qualified h4anufi~cturcr’s 1.ist by IIIM and Iloneywdl. ‘1’hc
memory was so hard that }ligh energy heavy ions gcncratcci by the Van de Graaff could not
dctcrminc the SFXJ threshold ( >110 h4cV-cn12/nlg) at room tcmpcratum. lJsc of pulsed laser
tests would make it possible to forgo very cxpcnsivc  testing at ultra-high energy accelerators.

I

* ‘1’he, research (Icscribcd in this paper was carried out by the Jet Propulsion Laboratory,
California Institute of Technology, uncicr contract with the Air I’OICC Phillips 1,ab, an(i the
National Aeronautics Space A(iministration  under the NASA Microelectronic Space )<a(iiation
1 +ffeds l)rogram,
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SUMMARY

A .  I)URPCXWOI:WORK ~~

‘J’he ]) UI’POSC  of these tests is to suppoI”t nlicr&kctronic device qua~it assurance in the at”ea of
single event effects testing of the Advanced Spaceborne Computer doduk (ASCM) for future
space missions. Space radiation hardened 64K SRAh4s (IDM6401CR11  and HC6364) were
indcpcndcntly developed by I13M and }Ione well under Government contract for ASCM, as an

7effort to be placed on t$lc qualified manu acturcr list (QMI.). Single event effects on these
memories were tested with high energy heavy ions and picosecond pulsed dye lasers at J 1’1, as
independent verification and validation for the Qualified Manufacturer 1,ist program of the Air
1 ?orcc Phillips 1 aboratory.

‘1’he IBM6401  Cl{I] is a 64K x 1, high speed (36 nscc/cycle at 25”C, V = 5V), radiation
harclcncd [total dose: 106 rads (Si), survivability: 1012 rads (Si)/see] ‘&IOS SRAM. The
memory features separate data 1/0 and fully asynchronous operation requiring no external
clock. Addl-css transition detectors initiate bit line prc-charging, resulting in improved pc,r-
formancc, I’he device chip enab]c feature places the device in a low power (11 n~W) standby
mode reducing supply current to Icss than 2 nlA. Ikvicc cells incorporate a six transistor
Ch40S design with polysilicon cross coupling )-csistors providing exceptional single event upset
(SHJ) hardness (10-]0 fails/bit day). Nominal threshold 1.13’1’ of this device at 125°C based on
lDM testing is 80 MeV-cn~2/n]g,  but varies clcpcnding upon the cross-cou~ded resistor.

‘1’hc 11C6364 is an 8K x 8 raCliatioll-l]arCicIlcd, high performance SRAM with industry-standard
functionality. It is fabricated with the lIoJ)eywcll radiation insensitive CMOS (RICMOS)
technology, and de.signc.d for usc in systems operating in space radiation environments. The
SRAM operates over the full military temperature range, and requires only a single 5V power
supply. l’owcr consumption is typically 40 mW/Ml  Iz in operation, and 5 pW/MI17, in the low
])owcr, clisablccl mode, The SRAM read operation is fully asynchronous, with an associated
typical access time of 25 nscc. ‘1’hc IIoncywcl] RICMOS technology employs advanced and
proprietary design, layout, and process hardcnin~ techniques. It is a 5-volt, n-well, CMOS
technology with a 259 angstrom gate oxide and minimum feature siz,c of 1.2 pm. Additional
features include two layers of interconnect mctalization, lightly doped drain structure for
improved short channel reliability, and cpitaxial starting material for latchup-free operation,
IIigh resistivity cross-coupled polysilicon resistors (150 -700 Kfl) have been incorporated for
sing]c event upset hardtming. ‘J’hc predicted threshold 1,11’J’ of this device at 125@C is approxi-
mately 40 McV-cn12/nlg dcj~cnding upon the rcsistivity  of the cross-coupled resistors.

A pulsed dyc laser tests of both dcviccs were also carried out as a technique for assessing
SI;LJ susceptibility of microelectronic. circuits at a wafer lCVC1, a potential real time radiation
hardness assurance for SIIJ, and a tool for undcrstandinp, nodal upset sensitivity.

11. SIGNII~lCAN’J’  REEXJJ :1’S

]Ioth dcviccs were tested with high energy hc.avy ions at }INI,. At room temperature, neither
showed SE(JS even at the upper 1 i mi t of the accelerator. “Ille, highest encrg,y heavy ions gcncr-
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. atcd by the. Van dc C;raaff in IIrookhezwcn National 1.ab.were io(iine (306 McV) and gold (320
h4cV). “1’his mcam  that the threshold linear cncxsy transfer of the clcvicc should be higher than
110 h4c\r-cm2/mg, 1 ;or 111 M6401 CR1 I neither single event upsets nor latchups were observed
e.vcn at the worst case conditions of 12.5(’C.

IWausc of the exceptionally small dcvicc packasc, a similar siz.c heating unit is ncakd  for the
high tcmpcraturc  tests, and the l>U’1’ test board socket geometry limits the beam an~le of illci-
dcncc to less than 45°. In these tests iodine (306 McV, ran c of 32/tin) was 11se41 for covcrinc?’1,ii’1’ from 56 to 79 McV/n]p,/em]2  at the total ftucncc of 10 ions/cn~2 pm run. A gold ion (320
h4cV) was also used to verify ihe cxpczted threshold 1,1 H“ ( >110 h4eV-cn12/nl~,)  of the dcvic.c.
All Sl~U tests WCI’C performed at VI,D =- 4.5 V for tlie worst case, at normal hi~ll speed ac-
ce-ss/cycle of longer than 36 nscc. SIX samples from di ffcrcnt stages of the Pdbrication proccss-
cs (bc.~inning, middle, and cmd) were tested, two for the detailed 1,1;”1’ curve and tw’o for
req)roducing the observed threshold 1.1 i’1’ for each stage, Al 1 other test rcquircmcnts followed
the JI’I ,’s standard test procedures. Although device latchup was not expected, latch ups also
were monitorti at the initial test stage. ‘1’hc ccmclitions arc summarized in the ‘lhblc 1.

1.

?.

‘liL)lc 1. ‘RX ~or)clitions

VIII, (v) 4.5 -5.5 (only for latcllul])

‘Ikmpcrat ure R.T. - 125°C .
Speed (riser) 20-45
]’altcrn O‘s, 1‘s, ancl Chc.ckcrboard

]ilucnce (I)articlc.s /cn12) 106

‘3.,

4.

7. .

6.

7.

8.

9.

10. ]<angc (pm) 30- 19 and ?6 - 17

I’Iux (par(iclcs/cnl? -sc,c) - ]03

01)s 11?7 (308 McV) and Au1g7 (330 h4cV)

ncidcnt Angle 0-50 (icgrcc

/1 i’1’ (h4cV-cn~2/n@ 60 -92.7 and 80-110

1 ‘or tllc 1IC6463 the thrcshol(i linear e.ncu-gy transfer was found to be approximately 50 McV-
cn12/nlg at 125”C, depending upon their resistance of the cross-coupled resistors bctwccn the
common gate an(i the sink. No latch ups win-c found, as cxpedcd,  eke.n for worst case condi-
tions.

‘1’he ~)ulsc41 dyc laser can focus lnore cncrcy into a spczific ccl] component than a cosmic ray.
J]’], is onc of the first to employ a picose~ond pulsed dyc laser with a bit mappin~ [ 1 -2].
“1’llc, bit mapper nlonitols whcthe,r spcr,ific mc,mory cells arc uJlsct, as well as how many cells
arc upset by a sinslc Iascr pulse. Upset cell acldrcsscs can also bc directly rclate41 to a sJmcific
ccl] clcmcnt irradiated by a J)icosccond pu]sc. ‘1’hc system tunes the, laser over a significant
rancc of wavclen~th values (42511111-96011111). lkzausc tt)c silicon absorpticm coefficient varies
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SIJO1@y  With WaVC]Cn~(h, []lC tllllabj]i[y  ad hj@l-data-I’atC  bit I)lap@Il~ al]ow oI]c to dCtCI’I]lj  IW*, !
& an approximate depth profile of SF,F, sensitivity. T’he focused beam size (1 .S pm) is small

enough to isolate a sensitive memory ~cll (5 P]n ~ lo P1ll) on a ~h,i[~o l;ecausc it combines the
laser with computer image promsing, the systcm provi(ics the abl]lty to locate the laser probe

( beam prcciscly at particular dcvic.c locations, such as transistors. Wavelength and intensity
selection allows determination of an cffcctivc laser energy transfer (1}1.1{’1’).

When tested by a picosecond mlscd d yc laser, numerous sin~lc event upsets were rczordd  for
kboth Illh46401 Cl<] ] and llC 463 memories, even at room tcmpc.raturc. This means that the

pu]scd laser beam can produce hifjhcr  energy deposition than the Vdn dc Graaff. Similar re-
sults were rcportecl on non-rad hard SRAh4s [3-4]. Anal yscs indicate that the thrcslmld cffcC-
tivc last. I mcre,ics  at room tc.n~pc.ratuI-c  arc. 1 (N for 1 llh464Ql  CR1 I and 106 h4cV-cm2/m~ for
1105401, Icspcztivcly.

‘1’hcsc study results clcaTl y in(licatc that a simple test by pulsed Iascrs coulcl bc used for scr03]-
ing these highly radiation resistive space radiation hardened de.vices from different vc.ndors
even above the high energy upper limit of the cyclotron available at BN1, without costly ultra-
high energy tests.

C. IM1)AC’l’  C)]:‘1’1111 WORK

Space applications of microelectronic inlcgratcd circuits (lCs) arc very attractive tw.cause they
rcsu]t in lower space craft power consumption and mass, }Iowcvcr, IC reliability must be
achieved prior to usc in a space environment, Common concerns of IC quality assurance in

space include cosmic radiation effects, such as sing]c event upsets and latch ups, and other
reliability rcquircmcnts dcscribcxl in Military Standards.

It has been known for years that cosmic radiation in ctccp space can change the electrical
properties of solid state devices, leading to possible systcm  failure. In particular, lii~h energy
ioniz,cA parlic]cs, gamma rays, X-rays, and ncutmn  bc)mbar(imcnt  have proven most harmful.
Radiation l)a] dcJlex\  dcviccs and circuits have been dcvclopccl  to mini miz,c the impact of such
effects. l’roper design and pr occssing techniques allow the n~icroclcctronic device to operate
in [his harsh space environment.

I;lezt]on-hole pairs generated in a memory cell node by cosmic rays can cause all upset (sing]c
event upset) of the data stored in the memory cell. The charge limit (critical charge) collected
for the upset depends upon linear encr~y transfer (l,l-W) froln the incomillg particles to the
device  material, cffectivc sensitive volume, dcvicc  topological layout, including cross-coupled
rc.sisters, and tllc carrier tramsport mcchanis[l].

Corlc,ct  prc.diction  of device. characteristics using a proper model to describe and simulate
complicated physical and chemical effects in the device is challenging, but should be (ione for
the succcssfu] future space missions. Individual dcviccs should have a proven record of test
data, such as thrcsho]ci 1,11’1’, numerical cross section, or Cffcctivc critical charge collecting
VO] u mc and typical S IKJ characteristics with re.s})c.et to the dcvicc writing t i Jnc.

‘1’hc t}lrc.shold  laser cncrsy  transfer of the single event upsets c)n space radiation hardened 64K
Sl<Ah4 could bc obtained at room tcmpcraturc by a picosczonc]  pulsed dyc laser. 7%c laser can
cover the cncr-gy bcyorld  the upper ]inlit of tllc lli~t]  energy heavy ions that the accclcrator,
Van de. Graaff  at IIN1,, can gcncratc,  ‘1’his may mm] save money and time to bc able to dctinc
threshold I J ~1’ by the. laser tcstins without the cxpcnsivc  ultra-high energy tcstins  in order to
sclezt the dcviccs for space application,
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